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(LIA) . , ,
. (= )
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Savart , ( ) $I_{\lrcorner}$
(LIA) . $\xi$ .
$V(x, t)$ , $\dot{X}(\xi, t)$ :
$\frac{\partial X}{\partial t}(\xi_{9}t)=AX_{s}\cross X_{ss}+V(X, t)$ , (1)
$A= \frac{\Gamma}{4,\tau}\log(\frac{L}{\sigma})$ (2)




$AX_{s}\cross X_{ss}+V(X)=\mathrm{T}/^{\mathit{7}}||t$ , (.3)
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. , $t=X_{S}$ . $l_{||}^{f}.arrow$ – $\xi$ $f$
, , . $t$ , (3)
$AX_{ss}=^{x_{s}}\cross V(X)$ . $(- 1)$
. $s$ $t,$ $V$ , $A=77\mathit{1}/q$ , (4) ,71,






. 2) , , ( )
,
, :
$AX_{s}\cross X_{ss}=-c_{0}X_{S}+\Omega e_{-},$ $\cross X+\mathrm{T}/^{\Gamma}e_{\sim}-$
$\cdot$
$(^{-}.))$
, $c_{0},$ $\Omega,$ $V$ , , , , .
(5) $t=X_{s}$ , :
$A\ddot{X}=\dot{X}\cross V(X)$ . $(6\ovalbox{\tt\small REJECT})$
,
$V=-\Omega e_{-}.\cross X-Ve_{-,\vee}$ . ((). )
, $s$ . ( $=$ )
, .
(6b) $A(V=\nabla\cross A)$ ,




, , $(r, c,)’:\approx)$ ,
$\mathcal{L}=.\frac{A}{\underline{\supset}}(\dot{r}^{2}+r^{2}(.;^{2}+\sim\sim.)2-(.\frac{1^{r}\prime}{2}\Gamma^{2}\dot{c}‘)-\frac{\Omega}{\underline{\eta}}r^{2}\approx.)$ ., $(^{\mathrm{t}}.))$
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$+. \frac{\Omega}{\underline{)}}r^{2}=\mathrm{c}\mathrm{o}\mathrm{n}‘ \mathrm{S}\mathrm{t}$ . , $(\rfloor \mathrm{o}_{\mathrm{a})}‘$.






1 $(10\mathrm{a}.,\mathrm{b})$ 1 $A\approx,$ $Ar^{2}\mathrm{c}$; , , $\sim\sim$ ,
$z$ . 2 ( ) $P_{\text{ }m}$ ,
$M_{\mathrm{e}m}$ 2 . $(\nabla\cdot A=0)$
((7) ), – ( $q$ )
3) :
$P_{em}$ $=$ $qA(X)$ , $(11_{c\gamma},)$
$M_{\mathrm{e}m}$ $=$ $qX\cross A(X)$ . $(11\rceil))$
, $X$ ,
. (7) (11) , .
4




$t(t)$ , ( )
$e_{1}(t),$ $e_{2}(t)$ . $\omega(\dagger)$ , (t. $e_{1}$ . $e_{2}$ )
:
$i$
$=$ $\omega\cross t$ 2
$(12\mathrm{a})$
$\dot{e}_{1}$ $=$ $\omega\cross e_{1}$ . (12b)
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$e_{2}=t\cross e_{1}$ , $t$ $e_{1}$ . $(1 \underline{y}_{\mathrm{a}}.)$ $t,$ $(12\mathrm{b})$
$e_{1}$ ,
$\omega$ $=$ $t\cross i+(t\cdot\omega)t$ , (1.3a)
$=$ $e_{1}\cross\dot{e}_{1}+(e_{1}\cdot\omega)e_{1}$ , $(1.3\mathrm{b})$
. , $m$
$m=A(t\cross i)+C’\omega^{\backslash }3t$ , (14)
. , $A$ , $C$
. , $\omega_{3}=t\cdot\omega$ . $(13\mathrm{a}.)$ ,




$\dot{m}=t\cross(-?7\mathit{1}\mathrm{g}\prime e_{-}.)$ , $(1_{\mathrm{J}}^{-}.)$
. , $m$ , $\mathrm{g}$ , $l$
. $X(t)= \int^{t}tdt$ , (15) .
, (14) , (5) .
$c_{0}=c_{\mathit{1}}\omega_{3}$ .
, ; ( )
, (15) (5) . , (10a,-c.) ,
, $X(t)$ . $t$ \iota , $t$
. , , Eulcr .
, ,
. (14) (15) , , $t$ ,
$At=-m\mathrm{g}l[e_{\mathcal{Z}}-(t\cdot e_{z})t]-A(i\cdot i)t-c\omega 3i\cross t$ , (16)
. , , $S^{2}$ ( $A$ , ($f$
) ( $=$ ) . $t$
. 1 2 , . ,
$\uparrow n\mathrm{g}l/A$ . 3 ,








. , – $(t=0)$
. , $(C_{\omega_{3}}’,\neq 0)$ ,
.
. (16) $\dot{\mathrm{B}}$ erry&\tau $\mathrm{R}\mathrm{o}\mathrm{b}\mathrm{b}\mathrm{i}\mathrm{n}\mathrm{s}^{4}$ ) . ,
$\mathrm{N}\mathrm{o}\mathrm{v}\mathrm{i}\mathrm{k}\mathrm{o}\backslash ^{5)}\cdot\gamma$ Veselov6) .
$so_{(}.3$ ) . $so_{(}.3$ )
3 . Euler $(\theta_{:}\varphi, ?\acute{i}-|)$ .
, $S^{2}$ 1 ( $\theta_{\backslash r}$. $(\cap)\cdot$ .
, 3 2 (reduction) .
.
. .
, (reconstruction) . $S^{2}$
$so_{(}.3$ ) . , $(e_{1:}e_{2})$
\check . . ,
, :
$t\mathrm{B}^{\grave{\grave{\mathrm{a}}}}$ , $T\text{ }$ ( , ).
, t. $S^{2}$ $C$ . $C$
1 , ?
Euler , $\omega_{3}$
$\omega_{3}=\uparrow i,$ $+\dot{\varphi}\cos\theta$ , (18)
. 1 , $t$ , .
, Stokes ,
$\triangle v^{f})$ $=$ $\int_{0}^{\tau_{?\dot{i}’ \mathrm{r}}}.\cdot Jt$
$=$ $\omega_{3}T-\int_{0}^{T}\cos\theta d\varphi$
$=$ $\omega_{3}^{\backslash }T+\Omega-2_{J1}^{\sim}k$ , (19)
. ,
$\Omega=\int\int\sin\theta d\theta\wedge d\varphi$ (20)
$C$ , .
, $\theta=0_{:}\pi$ , $C’$ .
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$\triangle j\uparrow_{\triangleright}^{:}$’ 2 . 1 $\omega_{3}T$ dynamic angle




, $\mathrm{H}\mathrm{a}\mathrm{n}\mathrm{n}\mathrm{a}.\backslash ’\vee 7$ ) $\mathrm{A}\mathrm{n}\mathrm{a}\mathrm{n}\mathrm{d}\mathrm{a}\mathrm{n}8$) .
reduction , rcconstruction $\mathrm{g}_{\mathrm{C}\mathrm{o}\mathrm{m}}\mathrm{e}\mathrm{t}_{\Gamma \mathrm{i}\mathrm{c}}$ a,nglc
.
5 Lagrange reduction
$so_{(}3)$ $S^{2}$ (reduction), ,
(reconstruction) , Ma,$\mathrm{r}\mathrm{s}\mathrm{d}\mathrm{e}\mathrm{n}9$ ) cotangent bundle reduction
Lagrange reduction . ,
Lagrange $\mathrm{r}\mathrm{e}(1_{1\iota \mathrm{C}}\mathrm{t}\mathrm{i}_{0}\mathrm{n}$ , reduction &reconstruction.
.
$so_{(}.3)$ $S^{2}$ $S^{1}$ - . $S^{1}(\cong‘ \mathrm{q}O(2))$ , $t$ ,
$‘ \mathrm{q}O(.3)$ free . ,
.
$\mathcal{L}=.\frac{A}{2}(\dot{\theta}^{2}+\dot{\varphi}^{2}\sin^{2}\theta)+\frac{C^{\mathrm{v}}}{2}(\mathrm{t}_{i}., +l\dot{\varphi}\cos\theta)^{2}-m\mathrm{g}l\cos\theta$ (2 L)
$S^{1}$ . $S^{1}$ Lie $\mathcal{G}$ $\mathrm{L}\bigvee_{3\backslash }^{\backslash =}t\cdot\omega$
$\ovalbox{\tt\small REJECT}$ . , $\mathcal{G}-\cong R$ . $\mathcal{G}$ $\mathcal{G}^{*}$ $\mathrm{A}^{-\}!}r_{3(\cong R)}$
. - , $SO(3)$ 1 $\mathit{1}\mathrm{W}_{3}/c*$. $\tau So(.3)arrow \mathcal{G}$
, , $iV_{3}$ :
$\omega_{3}(\theta, \varphi_{:}\psi,\dot{\theta},\dot{\varphi}_{:}\uparrow i\cdot..|);\mathit{0}=\cos\dot{\varphi}+\dot{\psi}’$ . (22)
, $\dot{i}7/I_{3}=\mu$ – , $so_{(3)}$ 1 $\mathit{0}^{\mu}=\alpha_{\theta}d\theta+\alpha_{*}-\wedge d\varphi+c\mathrm{t}_{\dot{\mathfrak{i}}},d\iota i:$ ,
9,10) :
$\alpha_{\theta}\dot{\theta}+\alpha_{\varphi}\dot{\varphi}+0,,’=\mathrm{i}_{A}j\iota^{1^{\dot{\prime}},l^{l}}3$ (23)
$TSo_{(}.3$ ) $T^{*}SO(.,3)$ , $\mathcal{G}$ $\mathcal{G}^{*}$ . (22)
,
$(\alpha_{\theta}, \alpha_{\ell}, \alpha./)=(0.t1\cos\theta.\mu)$, , (24)
.
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$\mathcal{R}^{\mu}$ $L$ , $iAi_{3}$ $\}^{\{}$ . Marsden
$R^{\mu}(\theta, \varphi,\dot{\theta},\dot{\varphi})$ $\equiv$ $\mathcal{L}-l^{1\omega_{3}}$
$=$ $\frac{A}{\underline{9}}(\dot{\theta}^{2}+\dot{\varphi}^{2}\sin \mathit{0}2)-(.\frac{\}l^{2}}{2C_{}’}+m\mathrm{g}l\cos\theta \mathrm{I}$ , (25)
, . $so_{(}3\rangle$ $S^{2}\cong SO(.3)/S^{1}$ reduction
reduced Lagrangian principle 9) : .
$f^{i}$ , $S^{2}$ , ( )
Eufler-Lagrange :
$\frac{cl}{dt}\frac{\partial \mathcal{P}\mathfrak{r}^{1}\iota}{\partial\dot{q}^{i}}-\frac{\partial \mathcal{R}^{\mu}}{\partial \mathrm{r}_{\mathit{1}^{\dot{7}}}}=(ij,\mathit{9}ij$ (26)
, $q^{i}(i=1,\underline{‘?})$ $S^{2}$ , 2 $\beta=d\alpha^{\mu}$ , $\mathit{3}_{ij}=\partial \mathfrak{a}_{j}./\partial q^{i}$ -
$\partial \mathfrak{a}_{i}/\partial q^{j}$ . $j$ .
, $p_{i}=\partial \mathcal{L}/\partial \mathrm{r}ii$ $\partial \mathcal{R}^{\mu}/\partial_{C}ii=_{Pi}i-c\mathrm{t}$
. , (24) (25) (26) , (16) .
$\omega_{3}$ 1 , $SO(3)$ 2 ,$\theta$ $S^{2}$
. $SO(.3)$ (section) , $\mathrm{t}’=\pm\varphi$ , (22), (23)
$o^{\mu}=_{l(\pm 1)d\varphi}‘\cos \mathit{0}$ , (27)
..
. , (27)
$A^{N}=- \frac{\mu(1-\cos\theta)}{r\mathrm{s}\mathrm{i}11\theta},e_{\tau^{\mathit{0}}}$ , $A^{S}= \frac{f^{l}(1+\cos\theta)}{r1\sin\theta}e_{\varphi}$ $(28\rangle$
. $S^{2}$ , $r=1$ . (27), (2S) $-f^{i}$
3). $\omega_{3}$ (22)
.
$S^{2}$ $so_{(3\rangle}$ (reconstructionn) . (12b)
, , $t$ , 2
. , $S^{2}$ $so_{(}.3$ ) $\langle$horizontal lift) . ,
$S^{1}$
$\omega_{3}$ ( ) .
dynamic angle $\omega_{3}T$ . geometric angle .
$so_{(}.3$ ) , ,
$\omega_{3}=\cos\theta,$$\dot{\varphi}+\mathrm{t}..\cdot=:_{\mathrm{t}}0$
$ (29)
. , $(\omega_{3}=0)$ ,
. , ( $=S^{2}$ )
23
. $S^{2}$ , $so_{(}3$ )
, 1 , , holonomy ( ) , $2\overline{\mathit{1}\mathfrak{l}}$
,
$\triangle\psi=-\oint\cos\theta d\varphi=\iint\sin\theta d0\wedge d\varphi=-\frac{1}{\{l}\iint B\cdot dS$ (30)
. , $B$ (17) . holonomy ( ) $S^{2}$




, (reduction) . rednction
, . , $S^{2}$ $‘ 9\mathit{0}_{(}3$ )
(reconstruction) , , geommetric
angle . geometric angle $S^{2}$ ( )
. ((18) )
1 , ( ) .
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